The purpose of this retrospective chart review was to evaluate factors associated with improvement of visual acuity after a single sub-Tenon injection of triamcinolone acetonide in patients with diabetic macular edema. Methods: We reviewed the medical records for 63 consecutive eyes with diabetic macular edema treated by sub-Tenon injection of triamcinolone acetonide and assessed at 2 months postoperatively. We evaluated changes in morphology, foveal photoreceptor status, and parafoveal cystic change, and also measured the central retinal thickness and macular volume. The association of these factors with improvement of vision (logarithm of the minimum angle of resolution, logMAR) was investigated. Results: Eyes were classified as having cystoid macular edema (CME, n = 52), serous retinal detachment (n = 24), or diffuse diabetic macular edema (n = 4). In eyes with CME, the mean logMAR of visual acuity improved significantly (P = 0.003) from 0.35 ± 0.31 at baseline to 0.29 ± 0.29 after 2 months. However, there was no significant improvement of visual acuity in the eyes with serous retinal detachment or diffuse diabetic macular edema after sub-Tenon injection of triamcinolone acetonide (P = 0.549 and P = 0.545, respectively). The central retinal thickness and macular volume were both reduced significantly after sub-Tenon injection of triamcinolone acetonide in eyes with CME and serous retinal detachment. However, improvement of visual acuity in the eyes with CME was not correlated with the reduction of central retinal thickness or macular volume. Parafoveal cystic changes showed significant improvement after sub-Tenon injection of triamcinolone acetonide in eyes with CME. Photoreceptor status was significantly associated with the visual prognosis in eyes with CME, but not in eyes with serous retinal detachment. Conclusion: Visual acuity improved significantly after sub-Tenon injection of triamcinolone acetonide without photoreceptor recovery in eyes with CME. Improvement of parafoveal cystic changes in the eyes with CME suggests that bipolar cells or their accessory cells might have displayed functional recovery.
Introduction
Diabetic macular edema is one of the major causes of visual loss in patients with diabetic retinopathy. Although treatment of diabetic macular edema is mainly based on laser photocoagulation, 1 this achieves limited results in patients with diffuse diabetic macular edema caused by extensive breakdown of the inner blood-retinal barrier. 2 The efficacy of intravitreal injection of bevacizumab, 3, 4 intravitreal injection of triamcinolone acetonide, 5 and sub-Tenon injection of triamcinolone acetonide [6] [7] [8] for diabetic macular edema has been reported. The mechanism by which triamcinolone acetonide improves diabetic macular edema is still unknown. Although sub-Tenon injection of triamcinolone acetonide is less effective than intravitreal injection of triamcinolone acetonide, 9 it is still used for the treatment of diabetic macular edema because of the low incidence of adverse effects, 10, 11 including cataract, glaucoma, and endophthalmitis.
Optical coherence tomography (OCT) 12 can be used to make a diagnosis of diabetic macular edema and to evaluate morphological changes of each retinal layer. Time-domain OCT has been used for morphological classification of diabetic macular edema into three types, [13] [14] [15] which are diffuse retinal thickening, cystoid macular edema (CME), and serous retinal detachment. In this study, we also classified diabetic macular edema into these three types using spectral-domain OCT (SD-OCT), and evaluated the photoreceptor response to sub-Tenon injection of triamcinolone acetonide by assessing the photoreceptor inner and outer segment junction (IS/OS) 16 and external limiting membrane. 17 At the foveal center, we can only analyze the outer retina because there is no ganglion cell layer, inner plexiform layer, or inner nuclear layer. To evaluate the influence of edema caused by breakdown of the inner and outer blood-retinal barrier, we assessed the correlation between visual acuity measured as the logarithm of the minimum angle of resolution (logMAR) value and parafoveal cystic changes, as well as changes in the photoreceptor layer at the fovea.
Accordingly, we analyzed the response of each type of diabetic macular edema to sub-Tenon injection of triamcinolone acetonide based on changes of the photoreceptor status and parafoveal cystic changes 2 months after sub-Tenon injection of triamcinolone acetonide, and evaluated the relationship between visual acuity and these parameters in order to investigate the influence of treatment on the inner and outer retina. Patients who had tractional retinal detachment, epiretinal membrane, vitreous hemorrhage, retinal ischemia, or prior vitrectomy were excluded. Those who had received intravitreal bevacizumab, intravitreal injection of triamcinolone acetonide, sub-Tenon injection of triamcinolone acetonide, or panretinal photocoagulation within the previous 3 months were also excluded, 18 as were patients who had undergone macular focal and/or grid laser photocoagulation. 20 All patients underwent a complete eye examination, including measurement of visual acuity with a Japanese standard decimal visual acuity chart, measurement of intraocular pressure, noncontact lens fundus biomicroscopy, and OCT, 12 at each follow-up visit. Best-corrected visual acuity data were converted to logMAR values for statistical analysis.
Materials and methods

Sixty
Initial treatment was a single 1.0 mL sub-Tenon injection of triamcinolone acetonide 40 mg (Kenacort-A  ; BristolMyers Co, Tokyo, Japan), which was done at the first visit (baseline) under sterile conditions with topical anesthesia. All of the patients were given detailed information about the treatment and provided their written informed consent. The study was performed in accordance with the tenets of the Declaration of Helsinki and with the approval of the institutional review board of Kawasaki Medical School Hospital (approval 826).
Evaluation by SD-OCT (RTVue-100  ; Optovue Inc, Fremont, CA) was performed at the first visit and 2 months after sub-Tenon injection of triamcinolone acetonide, using 6 mm line scans centered on the foveal center. Image quality was assessed from the signal strength index, 21, 22 and images with a signal strength index , 40 were excluded. Horizontal and vertical images 6 mm in diameter passing through the fovea were obtained for each patient. Disruption of the IS/OS and external limiting membrane was analyzed within a region 1 mm in diameter (radius 500 µm) centered on the foveola. Two experienced observers masked to visual acuity reviewed the OCT images, consistent with previous publications. 23, 24 Central retinal thickness 25 was defined as the mean retinal thickness measured from the vitreoretinal interface to the outer boundary of the retinal pigment epithelium at the central macular area (a region 1 mm in diameter [radius 500 µm] centered on the foveal center) using builtin software (Macula Map 6 mm). Macular volume was also submit your manuscript | www.dovepress.com Dovepress Dovepress calculated automatically within the 1 mm diameter area. The foveal outer retinal thickness 26 (without cystoid spaces, distance between the vitreoretinal interface and the outer boundary of the sensory retina at the foveola; with cystoid spaces, distance between the base of the cystoid space and the outer boundary of the sensory retina at the foveola) was measured manually using built-in calipers on both vertical and horizontal OCT images, and the values were averaged. Serous retinal detachment was defined as an elevation of the sensory retina, with an optically clear space at the fovea. We also manually measured the height of serous retinal detachment 27 (from the outer boundary of the sensory retina to the inner boundary of the retinal pigment epithelium at the foveola) for the subjects in whom serous retinal detachment was recognized. The height of serous retinal detachment was defined as the average distance on vertical and horizontal OCT images.
Within the parafoveal region (radius 500-1500 µm centered on the foveola), we also evaluated cystic changes of the inner nuclear layer, outer plexiform layer, and outer nuclear layer, according to a previously reported method. 26 It has been reported that the cystic changes primarily occur in the outer plexiform layer and then extend to involve the other layers. 28 We did not differentiate the outer plexiform layer from the outer nuclear layer within the parafovea, because the outer nuclear layer was much thinner than the outer plexiform layer on SD-OCT, and parafoveal cystic changes appeared to affect primarily the outer plexiform layer, in agreement with the findings of pathomorphologic studies. 29, 30 Therefore, we classified parafoveal cystic changes into three patterns; which were cystic changes of the inner nuclear layer, the outer plexiform layer/outer nuclear layer, or the inner nuclear layer + outer plexiform layer/outer nuclear layer.
We classified the microscopic features of macular edema and cystic changes into three types for comparison with log-MAR visual acuity data. Within the fovea (radius 500 µm), we evaluated the presence of CME and serous retinal detachment, which were often recognized simultaneously. CME was defined by cystic changes at the fovea and was sometimes associated with minimal serous retinal detachment, while serous retinal detachment was defined by serous detachment of the retina at the fovea and was sometimes associated with localized cystic changes. Diffuse edema was defined as diffuse retinal thickening without CME or serous retinal detachment at the fovea. Eyes of this type usually had good visual acuity, and eyes with a logMAR value # 0.15 were not treated with sub-Tenon injection of triamcinolone acetonide.
For statistical analysis, the results were expressed as the mean ± standard deviation or as the number and percentage. Differences between two or three groups were assessed by the unpaired t-test or by analysis of variance with post hoc multiple comparison by Fisher's least squares difference test after confirming that the data had a normal distribution. The Mann-Whitney U test and the Kruskal-Wallis test were used for nonparametric data. Within-group differences (baseline versus after sub-Tenon injection of triamcinolone acetonide) were assessed using the paired t-test or the Wilcoxon signed rank test. McNemar's test was used to compare baseline and post treatment data on the frequency of IS/OS disruption, disruption of the external limiting membrane, and parafoveal cystic changes. Correlations between parameters were investigated by Pearson's correlation coefficient analysis or by calculating Spearman's rank correlation coefficients. In all analyses, P , 0.05 was considered to indicate statistical significance. Analyses were performed using StatMate version 3.19 for Windows (Graphpad Software, La Jolla, CA).
Results
Fifty-two eyes (82.5%) had CME, 24 eyes (38.1%) had serous retinal detachment, and four eyes (6.4%) had diffuse diabetic macular edema (without CME or serous retinal detachment) at the fovea. The overall logMAR visual acuity was 0.33 ± 0.30 and there was a weak positive correlation between logMAR visual acuity and central retinal thickness (418 ± 111 µm, r = 0.256, P = 0.043 by Spearman's analysis). During the follow-up period, no treatable increases in intraocular pressure were observed.
Cystoid macular edema
Mean baseline logMAR visual acuity showed significant improvement after sub-Tenon injection of triamcinolone acetonide (Table 1 ). In eyes that had CME without serous retinal detachment, mean baseline logMAR visual acuity (0.34 ± 0.34) also improved significantly after sub-Tenon injection of triamcinolone acetonide (0.30 ± 0.32, P = 0.043, Wilcoxon's test).
Mean baseline logMAR visual acuity of eyes that had CME without serous retinal detachment and showed IS/OS disruption was significantly higher (0.42 ± 0.31, n = 23) than that of eyes with an intact IS/OS (0.21 ± 0.35, n = 12, P = 0.040, Mann-Whitney U test). After sub-Tenon injection of triamcinolone acetonide, mean logMAR visual acuity of eyes with IS/OS disruption was also significantly higher (0.40 ± 0.34) than that of eyes with an intact IS/OS (0.10 ± 0.15, P = 0.006, Mann-Whitney U test).
submit your manuscript | www.dovepress.com However, there was no significant difference in improvement of visual acuity between eyes with an intact or disrupted IS/OS (P = 0.918, Welch's test). In eyes with CME and serous retinal detachment, we did not assess the status of the IS/OS because its integrity was unclear at the fovea.
Dovepress
Disruption of the external limiting membrane was also observed in 16 eyes (30.8%) with CME both at baseline and after sub-Tenon injection of triamcinolone acetonide ( Table 1 ). The mean logMAR visual acuity was significantly higher in eyes with disruption of the external limiting membrane than in eyes with an intact external limiting membrane both at baseline and after sub-Tenon injection of triamcinolone acetonide (P = 0.032 and 0.001, respectively), but there was no significant difference in improvement of visual acuity after sub-Tenon injection of triamcinolone acetonide. In eyes that had CME without serous retinal detachment, baseline logMAR visual acuity was also significantly higher when there was disruption of the external limiting membrane (0.51 ± 0.30, n = 10) than when the external limiting membrane was intact (0.28 ± 0.33, n = 25, P = 0.034, Mann-Whitney U test). Figure 1A shows that eyes with an intact external limiting membrane had better visual acuity both at baseline and after sub-Tenon injection of triamcinolone acetonide than eyes with disruption of the external limiting membrane.
The baseline logMAR visual acuity of eyes with parafoveal cystic changes affecting the outer plexiform layer/ outer nuclear layer was significantly lower than that of eyes with changes in the inner nuclear layer or inner nuclear layer + outer plexiform layer/outer nuclear layer. At baseline, parafoveal cystic changes of the inner nuclear layer, outer plexiform layer/outer nuclear layer, and inner nuclear layer + outer plexiform layer/outer nuclear layer were seen in nine (17.3%), 11 (21.1%), and 32 (61.5%) eyes, respectively, versus 12 (23.1%), 18 (34.6%), and 16 (30.8%) eyes after sub-Tenon injection of triamcinolone acetonide. Parafoveal cystic changes resolved in six eyes after sub-Tenon injection of triamcinolone acetonide and parafoveal cystic changes at the inner nuclear layer + outer plexiform layer/outer nuclear layer decreased significantly after sub-Tenon injection of triamcinolone acetonide (P = 0.002, MacNemar's test).
Central retinal thickness and macular volume both decreased signif icantly after sub-Tenon injection of submit your manuscript | www.dovepress.com Dovepress Dovepress triamcinolone acetonide, but there was no correlation between visual acuity and central retinal thickness or macular volume (P = 0.343, 0.344, and r = 0.134, 0.134, respectively). Foveal outer retinal thickness did not change significantly after sub-Tenon injection of triamcinolone acetonide.
Serous retinal detachment
As shown in Table 2 , mean logMAR visual acuity did not improve significantly after sub-Tenon injection of triamcinolone acetonide. Disruption of the external limiting membrane was observed in eight eyes (33.3%). Mean logMAR visual acuity was not significantly higher in eyes with disruption of the external limiting membrane than in eyes with an intact external limiting membrane both at baseline and after subTenon injection of triamcinolone acetonide. There was also no significant difference in improvement of logMAR visual acuity after sub-Tenon injection. Figure 1B shows that there was no significant difference in the relationship of logMAR visual acuity either at baseline or after sub-Tenon injection of triamcinolone acetonide between eyes with a disrupted and intact external limiting membrane. Because there was only one eye with parafoveal cystic changes of the inner nuclear layer, we could not perform statistical evaluation. The central retinal thickness and the height of the serous retinal detachment both decreased significantly after subTenon injection of triamcinolone acetonide (P = 0.003 and P , 0.001, respectively). However, there was no correlation between visual acuity and either central retinal thickness or serous retinal detachment with P = 0.983, 0.981, and r = -0.04, 0.005, respectively. The foveal outer retinal thickness did not change significantly after the sub-Tenon injection of triamcinolone acetonide.
Diffuse diabetic macular edema
There were only four eyes of this type. Mean logMAR visual acuity was 0.32 ± 0.17 at baseline and did not improve significantly after sub-Tenon injection of triamcinolone acetonide (0.38 ± 0.22, P = 0.545, paired t-test). Disruption of the IS/OS was observed in two eyes, but disruption of the external limiting membrane was not observed. Mean baseline logMAR visual acuity was not significantly higher in eyes with IS/OS disruption (0.34 ± 0.26) than in eyes with an intact IS/OS (0.31 ± 0.16, P = 0.904, unpaired t-test). Central retinal thickness was 299 ± 67 µm at baseline and did not change significantly after sub-Tenon injection of triamcinolone acetonide (268 ± 49 µm, P = 0.065, paired t-test).
relationship between visual acuity and integrity of the external limiting membrane submit your manuscript | www.dovepress.com Dovepress Dovepress CME and serous retinal detachment at baseline and 2 months after sub-Tenon injection of triamcinolone acetonide. Because the IS/OS was usually unclear and blurred at the fovea in eyes with serous retinal detachment, we could not confirm whether it was disrupted or only difficult to observe. Eyes with an intact external limiting membrane had better visual acuity both at baseline and after the sub-Tenon injection than eyes with disruption of the external limiting membrane ( Figure 1A ), but there was no significant difference in those relationships between disrupted and intact external limiting membrane.
Discussion
In this study, we found that the mean logMAR visual acuity improved after sub-Tenon injection of triamcinolone acetonide in eyes with CME but not in eyes with serous retinal detachment. This finding is consistent with the results of a previous study using intravitreal injection of triamcinolone acetonide. 31 In eyes with CME, the baseline visual loss depends on the integrity of the photoreceptor layer. 23, 24 However, we found that visual acuity improved significantly after sub-Tenon injection of triamcinolone acetonide without recovery of IS/OS or disruption of the external limiting membrane, suggesting that different mechanisms may be involved, such as functional improvement of photoreceptors, bipolar cells, and ganglion cells.
Regarding parafoveal cystic changes, the baseline visual acuity of the eyes with parafoveal cystic changes in the outer plexiform layer/outer nuclear layer was significantly better than that of eyes with changes in the inner nuclear layer and inner nuclear layer + outer plexiform layer/outer nuclear layer. This result suggests that localized edema in the outer plexiform layer/outer nuclear layer caused less damage to the inner retina than widespread edema extending from the inner to outer retina. Interestingly, the logMAR visual acuity of eyes with parafoveal cystic changes in the inner nuclear layer was higher than that of eyes with changes in Table 2 Changes in logMAr VA, CrT, foveal outer retinal thickness, height of serous retinal detachment, and macular volume in 24 eyes with serous retinal detachment at the fovea P value determined by the unpaired t-test or analysis of variance. Foveal outer retinal thickness was measured from the vitreoretinal interface or from the base of the cystoid space to the outer boundary of the sensory retina at the foveola. Abbreviations: logMAr, logarithm of the minimum angle of resolution; CrT, central retinal thickness; SrD, serous retinal detachment; VA, visual acuity; STTA, sub-Tenon injection of triamcinolone acetonide; ELM, external limiting membrane; iS/OS, photoreceptor inner and outer segment junction; inL, inner nuclear layer; OPL/OnL, outer plexiform layer/outer nuclear layer.
submit your manuscript | www.dovepress.com Dovepress Dovepress the outer plexiform layer/outer nuclear layer, suggesting that damage to the inner retina was more severe than damage to the outer retina. There were 32 eyes with parafoveal cystic changes of the inner nuclear layer + outer plexiform layer/ outer nuclear layer (61.5%) at baseline and this decreased to 16 eyes (30.8%) at 2 months after sub-Tenon injection of triamcinolone acetonide. There were 52 eyes with parafoveal cystic changes at baseline, decreasing to 46 eyes after 2 months. These results suggest that the widespread edema of the inner retina was improved by 2 months after sub-Tenon injection of triamcinolone acetonide. In other words, disturbance to the function of bipolar cells and other inner retinal cells induced by intracellular and intercellular accumulation of fluid in the inner retina was improved by sub-Tenon injection of triamcinolone acetonide over the short term.
In patients with serous retinal detachment, damage to the photoreceptor layer may be more severe than in patients with diffuse diabetic macular edema because the external limiting membrane is not disrupted in patients with this condition. On the other hand, logMAR visual acuity showed no significant difference between eyes with an intact and disrupted external limiting membrane at baseline, indicating a role of factors other than morphological damage to the photoreceptors. Although central retinal thickness, height of serous retinal detachment, and macular volume all decreased significantly after sub-Tenon injection of triamcinolone acetonide, visual acuity did not improve. This suggests that sub-Tenon injection of triamcinolone acetonide decreases edema in serous retinal detachment, but that photoreceptor damage was not improved, at least in the short term.
This study had several limitations, because it was retrospective, had a small sample size, and was not randomized. The logMAR visual acuity of eyes with diffuse diabetic macular edema was not very high, so most of these eyes did not receive sub-Tenon injection of triamcinolone acetonide even though edema (retinal thickening) was observed. Thus, we cannot deny a bias against enrolling eyes with diffuse diabetic macular edema.
In this study, we analyzed the relationship between parameters of the retinal microarchitecture and baseline visual loss, as well as the relationship between these parameters and visual acuity after sub-Tenon injection of triamcinolone acetonide. The findings made it possible to predict the prognosis of morphological types of diabetic macular edema. Photoreceptor status was significantly associated with visual prognosis in eyes with CME but not in eyes with serous retinal detachment. Visual acuity improved significantly after sub-Tenon injection of triamcinolone acetonide without photoreceptor recovery in eyes with CME. Improvement of parafoveal cystic changes in the eyes with CME suggests that bipolar cells or their accessory cells might have displaced functional recovery. Eyes with serous retinal detachment showed improvement of edema but little improvement of visual loss. Sub-Tenon injection of triamcinolone acetonide is an effective and relatively safe treatment for eyes with CME due to diabetic macular edema, at least over the short term.
